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The aim of the present work is to understand the structure sensitivity of catalysis by Pt 
from a fundamental point of view for a number of industrially important reactions i.e. steam 
methane reforming and the water-gas shift reaction. To accomplish this, we used 
quantum-chemical studies to analyze the structure of Pt and Pd surfaces as a function of the 
thermodynamic conditions, the elementary reaction steps that make up the mechanism of the 
reactions and microkinetic simulations to compute macroscopic rates. The work mainly 
focuses on the energetics of relevant reaction paths on high-index Pt surfaces and compare 
these to those for closed-packed surfaces and to various surfaces of other precious metals 
such as Rh and Pd. In general, nanoparticles with open surfaces show superior catalytic 
activity in comparison to ones with closely packed surface atoms. This is related to the 
presence of a high density of low-coordinated atoms in the former. The synthesis of 
nanoparticles with open-structure surfaces is challenging due to their higher surface energies. 
Such shape-controlled particles have recently been obtained by electrochemical synthesis – 
for instance, tetrahexahedral (THH) shaped nanoparticles composed of high-index surfaces 
with varying step-edge site density can be prepared with very high activity in 
electro-oxidation of ethanol.  
Using DFT calculations and thermodynamic considerations we studied the equilibrium 
shape of Pt nanoparticles (NPs) under electrochemical conditions in chapter 2. We found that 
at very high oxygen coverage, obtained at high electrode potentials, the 
experimentally-observed tetrahexahedral (THH) NPs consist of high-index (520) faces. Since 
high-index surfaces often show higher (electro-)chemical activity in comparison to their 
close-packed counterparts, the THH NPs are promising candidates for various 
(electro-)catalytic applications. Chapter 3 explores similar phenomena for Pd nanoparticles. 
Chapter 4 is a study of the oxygen-adsorbate induced reconstruction of the Pt(110) surface. 
Chapter 5 investigates steam methane reforming (SMR) by quantum-chemical DFT 
calculations for planar and stepped Pt surfaces. Three different pathways towards CO 
formation from adsorbed CHad and Oad have been studied. The pathway with CH bond 
breaking prior to CO bond formation is in competition with the pathway involving the formyl 
(CHO) species. The thermodynamics of oxygen formation play an important part in the 
















shows that its high reactivity towards water activation makes Rh the preferred catalyst in 
SMR.  
The low-temperature water-gas shift (WGS) reaction plays an important role in many 
industrial processes such as steam reforming of methane and other hydrocarbons and alcohols 
for hydrogen production as well as methanol synthesis. While WGS has been extensively 
studied on Cu, Fe, and Ni catalysts, relatively little efforts have been made to understand the 
WGS reaction on Pt surfaces. Recently, it has been experimentally found that the WGS 
activity of a PtRe alloy is significantly higher than that of monometallic Pt and Re surfaces. 
In Chapter 7, we use DFT and microkinetic simulations to model the WGS reaction for 
close-packed Pt, Re and PtRe surfaces. The simulations confirm the synergetic effect of PtRe 
alloys for the WGS reaction. It relates to more favorable water activation on Re as compared 
to Pt.  
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